Renormalizable SO(10) GUTs, extended by O(N g ) F family gauge symmetry, generate MSSM flavour structure dynamically via vacuum expectation values of "Yukawon" Higgs multiplets.
Renormalizable SO(10) GUTs already have a formidable array of virtues. These include 16-plet spinors to enclose entire Standard Model fermion families together with the right handed neutrinos required for seesaw neutrino masses. This provides natural quark lepton unification as well as completely realistic fermion mass relations based on just three allowed fermion mass generating Higgs irreps (in the renormalizable case) : 10, 120, 126. Matterparity((−) 3(B−L) ) is a part (U(1) B−L ⊂ SO(10)) GUT gauge symmetry and thus R-parity is conserved to low scales in the supersymmetric case [1] . Susy LSPs being stable are ideal WIMP Dark Matter candidates. Moreover D-flat directions involving doublet Higgs, lepton doublets and the conjugate neutrino superfields can support viable inflection point inflation scenarios at the cost of only hard parameter fine tuning [2] . SO(10) GUTs based on the 210 ⊕ 126 ⊕ 126 Higgs system [3] [4] [5] are parameter counting minimal relative to all fully realistic GUTs. The version (NMSGUT) with the 120-plet has been developed [7] [8] [9] to fit all fermion masses. It made distinctive MSSM spectra predictions(such as requiring large soft A−terms [8] in 2008 : well before the Higgs discovery promoted general acceptance of this possibility) and is thus falsifiable. It also provides a novel route to suppression of the troublesome d = 5 baryon violation violation operators of Susy GUTs [9] via the effects of threshold corrections (very significant even for small couplings due to the large number of superheavy fields) on the matching between MSSM and GUT fermion Yukawas. MSGUTs also point [10] to the unification of gauge and gravitational interactions since they provide strong indications of a physical cutoff associated with the MSGUT gauge Landau pole (due to the supersymmetry and high dimension of the 126, 126... Higgs irreps used) just above their perturbative unification scale and very close to the Planck scale.
In spite of this list of virtues Susy GUTs have so far shared the impotence of other gauge models as regards reduction in the number of matter fermion Yukawa couplings (15/21 couplings in the MSGUT/NMSGUT: or more than 50 % of the total), or the logic of their magnitudes and mixing. Faced with this plethora, model builders devise a variety of discrete family symmetries to explain features of the fermion hierarchy -specially in the case of neutrino masses [11] .
Unfortunately, the combination of discrete symmetries with Grand Unification requires baroque proliferation of Higgs multiplets : usually putting paid to any chance of a calculable solution of what is generally euphemized as the "vacuum alignment problem". In our development [3, [5] [6] [7] [8] [9] of minimal Susy GUTs we have consciously eschewed invocation of dis-crete symmetries and insist upon following the logic of just SO(10) gauge symmetry. In this Letter we show how this insistence, combined with careful attention to the implications of the emergence of a light MSSM Higgs pair from the 2N g (N g + 1) (plus an additional N g (N g − 1)
pairs) in the O(N g ) extended MSGUT(NMSGUT), leads to an effectively unique extension of the SO(10) gauge group by a O(N g ) family gauge symmetry for the N g generation case.
The appealing speculation that the observed dimensionless fermion yukawa couplings actually arise via expectation values of composite or elementary fields has a long history [12] .
In [13] these 'spurion' fields are appropriately called "Yukawa-on"s and carry representations of (continuous sub groups of) the automatic U(N g ) 6 family symmetry of matter fermion kinetic terms (in a theory with O(N g ) family symmetry suffers from none of these defects. Gauging it ensures that no Goldstone bosons arise when it is spontaneously broken. When completing the bibliography for this paper we found that O(3) with a symmetric tracefull 6-dimensional irrep has also been considered by the proponent of the (non-renormalizable) Yukawa-on (third reference in [13] ). However, as explained above, the two models are otherwise radically different in their construction and implications
The GUT superpotential we take has exactly the same form as the MSGUT (See [8, [14] [15] [16] for comprehensive details of notation, symmetry breaking, and fermion mass generation in MSGUTs) :
We have omitted the terms in W GU T containing the 120-plet for simplicity. They do not affect our analysis of GUT SSB. The only innovation in the Higgs structure is that all the the MSGUT are required to achieve realistic fermion masses is now reopened due to the proliferation of 126, 126 vevs , we mostly ignore the 120-plet, although it is known that this multiplet is required for fully realistic fermion masses when there is no family symmetry [7, 8] .
Then the 4 dimensional H of the MSGUT becomes 2N g (N g +1) dimensional. If the 120-plet
has the form
The rows are labelled by the N g (N g + 1)/2-tuples (ordered and normalized, for a symmetric 
The To demonstrate the feasibility of our proposal it remains to show that SSB in such models leads to Yukawas required by the observed fermion masses: for values of the (now much reduced) GUT parameter set compatible with all other requirements such as gauge coupling unification, proton stability and constraints on exotic processes such as lepton flavour violation, cosmology etc. We have already achieved this to a considerable extent in the MSGUT(i.e apart from the neutrino masses [6, 7, 15] ) and fully in the NMSGUT [8, 9] .
The full Yukawonification program is an order of magnitude more arduous than vanilla Minimal Supersymmetric Grand Unification. Thus in this Letter we must content ourselves with indicating the operative structure and starting the process of analysis.
Giving vevs [5, 14, 15] 
In the MSGUT case the entire SSB problem reduces [5] (i.e for N g = 1 in present notation) to a cubic equation for a single complex variable x = −ω (with just one free parameter ξ = Mλ/mη). The Yukawaon Ultra Minimal GUTs (YUMGUTs) proposed here generalize the remarkable analytic solution of the MSGUT [5] to the case where all Higgs fields are promoted to symmetric or antisymmetric representations family symmetry group. The Fterm vanishing equations can be written as:
where χ ≡ (p + 3a − 6ω). The homogenous equations (8,9) can be put in the more transparent form Ξ ·Σ = Ξ ·Σ = 0 whereΣ,Σ are N g (N g + 1)/2) dimensional vectors containing the corresponding vevs: e.g for N g = 2,Σ = {σ 11 , σ 22 , σ 12 }, the matrix Ξ involves the combinations χ A = χ AA + ξ :
Nontrivial solutions of the homogenous equations for σ,σ exist only if Rank(Ξ) < N g (N g + 1)/2 so that we must have Det(Ξ) = 0; with additional conditions on minors for lower rank special cases. Thus one loses at least 2 out of the N g (N g + 1) F-equations for the variables σ,σ. In the MSGUT(N g = 1) these equations gave a linear condition (χ = −M/η) which supplemented the equations(6,7) and allowed the determination of p, a, ω via the cubic
If 2 × 2 minors of Ξ also vanish then additionally (χ 1 + χ 2 )χ 1 = (χ 1 + χ 2 )χ 2 = χ vevs to supplement the 6 equations (6,7). The 3 equations (10) [18, 19] that there exists a class of two field superpotentials (with structure W = S(µ B φ+λ B φ 2 ) ) which yield potentials whose local minima break supersymmetry (< F S > = 0) and leave the corresponding chiral scalar vev < S > undetermined at tree level while a partner field φ gets a vev. Radiative corrections that determine < S > then provide an alternative realization [19] of the Witten [20] model for high scale symmetry breaking triggered by a low scale symmetry breaking. On the other hand the determination of the flat direction vev by N=1 Supergravity corrections instead of radiative effects was already shown to be effective long ago [21, 22] .
In [23] we show that coupling Bajc-Melfo fields to supergravity can resolve the flat di-rection associated with supersymmetry breaking and fix the vevs < S s > . Even more to our purpose, if the fields S, φ are also promoted to (tracefull) symmetric multiplets (S, φ) ab of the gauge family symmetry, then out of the additional fields (i.e the traceless symmetric multiplets (Ŝ,φ) ab ) the former, i.eŜ ab , are also undetermined at tree level and free to take up the slack in the O(N g ) D-terms to cancelD a X and yield a gravity mediated scenario in which the hidden sector breaking involves breaking of family symmetry and supersymmetry.
The additional fields include moduli like fields (Ŝ ab ) which can be light enough to serve as (light Dark Matter) signals of this hidden connection between supersymmetry and family symmetry breaking. The constraints [25] that make Polonyi breaking of Supergravity and string theory moduli problematic can possibly be evaded because of the rich Yukawa and gauge dynamics in the hidden sector. Via the moduli-like (but family gauge group and superpotential coupled)Ŝ modes YUMGUTs may even provide light dark matter in the sub 50
GeV mass range favoured [24] by experiments such as DAMA/LIBRA. In any event for our present purposes we can use the results of [23] directly and simply quote the values of the solutions found in the toy N g = 2 case. This is enough to demonstrate that our mechanism for generation of flavour structure is in principle feasible. A common apprehension is that pseudo-Goldstone multiplets may arise due to the duplication of Higgs multiplets under family symmetry. However we have checked the complete spectra in the GUT sector and only present those solutions without pseudo-goldstone multiplets that ruin unification (in certain degenerate cases). This is sufficient to show that the appearance of pseudo-Goldstones is not inevitable and constitutes an existence proof for the structural possibilities we are relying on to generate flavour at the GUT scale from a family symmetric theory i.e a flavour bland theory. The determination of a set of GUT parameter values optimized to generate the observed set of Yukawa couplings, symmetry breaking, neutrino masses, B-decay and other exotic phenomenon rates requires a much more elaborate investigation based upon the generalization of the computer codes that have allowed us to derive completely realistic fits of all fermion data and distinctive predictions for Susy spectra in the context of the NMSGUT [8] . A preliminary step will be to first try a toy model N g = 2 aiming to fit the "real core " [26] sector of the MSSM fermion hierarchy. This will be reported in sequels. fermion Yukawas. Note that this is more that the MSGUT could do [7] . In sequels we will scan the flavour bland parameter space for sets of parameters that satisfy all phenomenological constraints. We emphasize that a great deal of algebraic and numerical investigation is required to settle such questions even in the MSGUT with its 472 Higgs fields. Here this set expands to 1416 (2832) fields in the N g = 2(N g = 3) case and even further for the NMSGUT generalization. Our quest for unification is based on the conviction that, as once promised by string theory, it is the number of couplings, not the number of fields, that should fall as unificatory ambitions mount.
To summarize, we have shown that Susy SO(10) theories that utilize a 126, 126 pair to generate neutrino masses generically offer a radical conceptual simplification that melds the problems of the fermion flavour hierarchy and GUT symmetry breaking in a novel and appealing way. The same is likely to be true also for suitable non-supersymmetric SO(10) models. Our program for SO(10) "Yukawonification" is eminently concrete, calculable (at least for (N)MSGUTs where much of the tedious but directly useable (see e.g eqn(2)) preparatory work on group theory [14] and mass spectra [8, [14] [15] [16] [17] is already done) and falsifiable. Since O(N g ) contains most of the commonly fancied discrete groups, even discrete group model builders may benefit from the structural hints provided by SO(10) along with a welcome calculability as regards the "vacuum alignment" : specified here by parameters that determine, and are thus constrained by, the MSSM mass and mixing data and all other required phenomenological constraints. 
